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a motor; a plurality of rotary blades extending radially from
a periphery of the boss portion and configured to force air to
flow 1n a direction of a rotation axis of the motor; and a

bellmouth accommodating the plurality of rotary blades, the
bellmouth comprising a suction-side round portion having a
curved surface expanded 1n a radial direction of the bell-
mouth, and a discharge-side round portion having a curved

surface expanded 1n the radial direction of the bellmouth, the
plurality of rotary blades each being entirely inclined to have
an outer peripheral portion 1n a downstream side in an
airtlow direction, entirety of the outer peripheral portion
being located on the downstream side 1n the air flow
direction with respect to the suction-side round portion.
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1
AXIAL FLOW FAN

TECHNICAL FIELD

The present invention relates to an axial tlow fan to be
used for a ventilation fan, an air-conditioning apparatus, a
cooling fan, or other devices.

BACKGROUND ART

Known rotary blades (sometimes referred to as rotary
vanes) for an axial flow fan are shaped to be swept forward
in a rotation direction and inclined forward to a suction side
to reduce noise. With such rotary blades, a shape of a
bellmouth has been employed that 1s semi-open to overlap
portions of the rotary blades at trailing edges thereof (here-
mafter referred to as a “semi-open bellmouth™). Reducing
noise has been thus achieved by configuring the shape of the
bellmouth or the positional relationship between the blades
and the bellmouth.

To further reduce the noise, a shape of the rotary blade has
been recently proposed that can reduce interference caused
by a blade tip vortex. In one such proposed shape, the blade
1s bent toward an upstream side of a tlow of air at a blade
outer peripheral portion of the blade. This 1s to address a
leakage flow around the blade outer peripheral portion from
the pressure surface side to the suction surface side, and a
blade tip vortex generated on the blade suction surface. The
leakage flow 1s generated when the blade 1s rotated due to a
pressure diflerence between a pressure surface and a suction
surface of the rotary blade, and the blade tip vortex 1s
generated due to this leakage flow. Interference of the
leakage flow and the blade tip vortex with a vane surface, an
adjacent blade, and the bellmouth 1s a cause of increased
noise.

An axial flow fan to be used for a ventilation fan, an
air-conditioning apparatus, a cooling fan, or other devices, 1s
rarely equipped solely with rotary blades; a bellmouth 1s
arranged around the rotary blades to rectity a flow and
increase a pressure. Therefore, not only the rotary blade 1s
relevant to air blowing and noise characteristics, but also do
the other factors, such as the shape of the bellmouth, the
positional relationship between the rotary blades and the
bellmouth.

A known axial flow fan includes a propeller fan having a
plurality of blades formed on an outer periphery of a hub,
and a fan guide. A dihedral angle on a mean tlow surface of
the blade 1s set to approximately 60 degrees. The fan guide
1s formed into a tubular shape, and a length of the fan guide
in an axial direction 1s set to 0.8H or more of a height H of
the blade. A suction-side end portion of the fan guide 1s
shifted toward a discharge side from suction-side end por-
tions of the blades, and an amount U of the shift 1s set to
satisty a relationship of 0.3H=U=0.5H (see, for example,
Patent Literature 1).

Further, there 1s known an axial tlow fan including a
propeller fan configured to be rotated by a drive source, a
tubular air introducing portion covering the propeller fan
while securing a predetermined size of space behind the
propeller fan, and a shroud formed continuously to the air
introducing portion to be opened on a front side of the
propeller fan so as to mtroduce air in a wide range on the
front side of the propeller fan to the air introducing portion.
The opening portion of the shroud 1s obliquely shaped and
narrowed to the air introducing portion. Each of the blades
of the propeller fan 1s formed 1n such an inclined manner as
to be swept forward 1n a rotation direction, whereas a

10

15

20

25

30

35

40

45

50

55

60

65

2

leading edge portion of each of the blades formed to be
approximately perpendicular to the rotation axis of the
propeller fan. A forward end side of the propeller fan 1n the
direction of the rotation axis 1s arranged to be swept forward
from a boundary between the air introducing portion and the
opening portion toward the opening portion by a predeter-
mined amount (see, for example, Patent Literature 2).

Further, there 1s known a blower device including a
propeller fan having a plurality of blades being formed on an
outer peripheral surface of a hub as a rotation center and
cach having a thick blade shape as typified by an airfoil
blade, a bellmouth being located on a radially outer side with
respect to the propeller fan and partitioming a suction region
and a discharge region, and a fan guard located on a
discharge side with respect to the propeller fan. The bell-
mouth includes a suction-side arc portion located on a
suction side, a discharge-side arc portion located on the
discharge side, and a cylindrical portion located between the
discharge-side arc portion and the suction-side arc portion.
When a height of the bellmouth 1n an axial direction at a
portion overlapping with an outer peripheral portion of each
of the blades 1s represented by H1, and a height of the outer
peripheral portion of each of the blades 1s represented by HO,
those parameters are set so as to fall within a range of
H1/H0=0.40 to 0.65 (see, for example, Patent Literature 3).

As disclosed 1in Patent Literatures 1 to 3, as for the
related-art rotary blades, consideration 1s made on the axial
flow fan including the semi-open bellmouth that overlaps
with the bellmouth 1n a range from the chord center to the
blade trailing edge, and the axial flow fan constructed such
that most part of each of the rotary blades 1s accommodated
in a bellmouth air channel.

Further, as for the propeller fan having the shape in which
the blade outer peripheral portion 1s bent in the upstream
direction of the flow of air, an optimal positional relationship
between the rotary blades and the bellmouth i1s proposed as
well as a shape of the bellmouth.

For example, there 1s known an axial flow fan including
a hub being a rotation center, a plurality of vanes being
formed on an outer peripheral surface of the hub so that
outer peripheral ends of a leading edge and a trailing edge
are located on a front side in a rotation direction, and a
bellmouth being arranged so as to surround outer peripheries
of the plurality of vanes and including an air inlet-side first
round surface portion, a cylindrical portion having a prede-
termined width and being located on a downstream side with
respect to the inlet-side first round surface portion, and an air
outlet-side second round surface portion located on a down-
stream side with respect to the cylindrical portion. An outer
peripheral end portion of each of the vanes 1s inclined
toward the air inlet-side. The outer peripheral end of the
inclined trailing edge portion of each of the vanes 1s located
at an air outlet-side end portion of the cylindrical portion of
the bellmouth. The trailing edge portion of each of the vanes
at a part other than the inclined part 1s located at an air
outlet-side end portion of the second round surface portion

of the bellmouth (see, for example, Patent Literature 4).

Further, 1in order to obtain an axial flow fan in which blade
outer peripheral portions are each bent 1 an upstream
direction of a flow of air and most part of each of blades 1s
accommodated 1n a bellmouth air channel, and in which
noise caused by a blade tip vortex 1s small and the degree of
decrease 1n air blowing performance 1s small, there 1s also
proposed an axial tlow fan including a bellmouth air channel
gradually reduced in diameter from a large-diameter air inlet
side to an air outlet side, 1n which most part of each of the
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blades 1s accommodated 1n the bellmouth air channel (see,
for example, Patent Literature 5).

Further, there 1s also proposed an axial flow fan including
a boss configured to be rotated about an axial center, and a
plurality of rotary blades arranged on an outer peripheral
portion of the boss. The rotary blades are each formed so that
a chord center line connecting chord center points from an
inner peripheral end to an outer peripheral end of the rotary
blade 1s curved to protrude toward a downstream side of a
flow of air 1n an entire region of the rotary blade 1n a radial
direction (see, for example, Patent Literature 6).

CITATION LIST

Patent Literature

Patent Literature 1: Japanese Utility Model Application
Publication No. Sho 62-169295

Patent Literature 2: Japanese Patent No. 2560793

Patent Literature 3: Japanese Unexamined Patent Appli-
cation Publication No. 2002-257096

Patent Literature 4: Japanese Patent No. 3744489

Patent Literature 5: Japanese Patent No. 4818310

Patent Literature 6: International Patent WO 2011/141964
Al

SUMMARY OF INVENTION

Technical Problem

In the axial flow fan to be used for ventilation, an outdoor
unit of the air-conditioning apparatus, or so, to attain the
noise reduction as the main purpose, the rotary blades are
cach formed into the shape swept forward and inclined
torward, and the blade outer peripheral portions are each
tformed 1nto the shape bent toward the upstream side of the
flow of air. Further, the semi-open bellmouth type 1is
employed (for example, Patent Literatures 1 to 4).

Further, the bellmouth shape i1s also optimized so as to
reduce noise 1n the type of the axial flow fan 1n which the
rotary blades are each formed into the shape swept forward
and inclined forward, and the blade outer peripheral portions
are each formed 1nto the shape bent toward the upstream side
of the flow of air so that most part of each of the rotary
blades 1s accommodated in the bellmouth (for example,
Patent Literature 3).

On the other hand, in the axial flow fan to be used, for
example, for the cooling fan to be built into a device, it 1s
important to obtain a necessary air tlow rate, static pressure,
and noise characteristic while reducing the product height
and the area for installation of the product so as to restrict the
size of the device 1into which the axial flow fan 1s assembled,
and to avoid interference with other components. However,
the optimal shapes as 1n the above-mentioned patent litera-
tures cannot be applied as the bellmouth shape required for
reducing noise of the axial flow fan in many cases. Thus,
there 1s a problem of the deterioration of the air blowing and
noise characteristics.

The present invention has been made to overcome the
above-mentioned problem, and has an object to provide an
axial flow fan 1n which rotary blades are accommodated 1n
a bellmouth and that can reduce deterioration of air blowing
and noise characteristics.

Solution to Problem

In order to solve the above-mentioned problem to attain
the object, the present invention employs the following
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4

configuration. Specifically, there 1s provided an axial tlow
fan, comprising: a boss portion rotationally driven by a
motor; a plurality of rotary blades each extending radially
from a periphery of the boss portion and being configured to
force air to flow 1n an airflow direction being a direction of
a rotation axis of the motor; and a bellmouth accommodat-
ing the plurality of rotary blades, the bellmouth comprising
a suction-side round portion being formed on a suction side
of the bellmouth and having a curved surface expanded 1n a
radial direction of the bellmouth and a discharge-side round
portion being formed on a discharge side of the bellmouth
and having a curved surface expanded in the radial direction
of the bellmouth, the plurality of rotary blades each being
entirely inclined to have an outer peripheral portion of each
of the plurality of rotary blades 1n a downstream side in an
airflow direction, entirety of the outer peripheral portion
being located on the downstream side 1n the air flow
direction with respect to the suction-side round portion.

Advantageous Effects of Invention

According to the present invention, 1n the axial flow fan
constructed such that the entire outer peripheral portion of
cach of the rotary blades 1s accommodated 1n the bellmouth
portion, the rotary blades each entirely inclined in the
downstream direction of the flow of airflow of air to be
blown as approaching to the outer peripheral portion of each
of the blades, that 1s, the rotary blades each inclined back-
ward are employed, and the positional relationship between
the outer peripheral-side leading end portion of each of the
rotary blades and the bellmouth suction portion 1s optimized.
Thus, there 1s attained an eflect of obtaining a blower device
reduced 1n noise that may be caused by turbulence generated
in the bellmouth suction portion and less reduced 1n air
blowing performance.

Further, thinning of the axial flow fan 1n the axial direc-
tion of the motor can be realized.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a perspective view 1llustrating rotary blades of
an axial tlow fan according to an embodiment of the present
invention.

FIG. 2 1s a projection plan view illustrating a state in
which the rotary blade illustrated in FIG. 1 1s projected on
a plane perpendicular to a rotation axis.

FIG. 3 1s a schematic view of a rotary blade, which 1s
obtained by rotationally projecting the rotary blade 1llus-
trated in FIG. 2 on a perpendicular plane including the
rotation axis and an OX axis, 1s inclined backward.

FIG. 4 1s a schematic view corresponding to FIG. 3, for
illustrating a related-art axial flow fan 1n which the rotary
blade 1s inclined forward.

FIG. 5 1s a view 1illustrating a positional relationship
between the rotary blade and a bellmouth according to the
embodiment of the present invention.

FIG. 6 1s a reference view corresponding to FIG. S, and
illustrating the related-art axial flow fan 1n which the rotary
blade 1s inclined forward.

FIG. 7 1s a referential drawing illustrating a related-art
axial flow fan 1n which the rotary blade inclined forward 1s
shifted from an optimal position to reduce a thickness of a
product.

FIG. 8 1s an enlarged view {for illustrating a positional
relationship between an outer peripheral portion of the
rotary blade and a bellmouth suction-side round portion,
which are illustrated 1n FIG. 5.
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FIG. 9 1s a graph showing change 1in noise when an outer
peripheral-side leading end portion of the rotary blade 1s
shifted in an axial direction under the state illustrated in FIG.
5 and FIG. 8.

FIG. 10 1s a graph showing change 1n air flow rate when
the outer peripheral-side leading end portion of the rotary
blade 1s shifted in the axial direction under the state illus-
trated in FIG. 5 and FIG. 8.

FIG. 11 1s a view illustrating a chord center line of the
rotary blade 1llustrated 1n FIG. 3.

FIG. 12 1s a view 1llustrating a second example of the
embodiment, 1n which a blade outer peripheral portion of a
rotary blade 1s bent toward an upstream side i a flow
direction.

FIG. 13 1s a view illustrating a chord center line of the
rotary blade 1llustrated 1in FIG. 12.

FIG. 14 1s a view 1illustrating a method of defining the
rotary blade 1llustrated in FIG. 12, 1n which the blade outer
peripheral portion of the rotary blade 1s bent toward the
upstream side 1n the flow direction.

FIG. 15 1s a view 1llustrating an example for further
reducing a product height, specifically, a view for 1llustrating
a state 1n which a bellmouth straight portion 1s reduced 1n

length, and the positional relationship between the rotary
blade and the bellmouth 1s modified.

DESCRIPTION OF EMBODIMENTS

Now, an axial flow fan according to an embodiment of the
present invention 1s described in detail referring to the
drawings. Note that, the present invention i1s not limited by
this embodiment.

Embodiment

FI1G. 1 15 a perspective view illustrating rotary blades 1 of
the axial flow fan according to the embodiment of the
present invention. As illustrated in FIG. 1, five rotary blades
1 are provided in the embodiment, but the number of the
rotary blades 1 1s not limited to five. In the following
description for the rotary blades 1 of this embodiment, a
shape of a single rotary blade 1s mainly described, but shapes
of the other rotary blades are the same as the described one.

The rotary blades 1 each having a three-dimensional
shape, which are illustrated 1n FIG. 1, are configured to be
rotationally driven by a motor (not shown) in this case, and
are mounted to extend radially on an outer periphery of a
boss portion 2 having a columnar shape, which 1s configured
to rotate about a rotation axis 3 1n a direction indicated by
the arrow 4. Through the rotation of the rotary blades 1, a
flow of air (flow of air to be blown) flowing 1n a direction
indicated by the arrow A 1s generated. An upstream side of
the rotary blade 1 corresponds to a suction surface, and a
downstream side thereotf corresponds to a pressure surface.

FIG. 2 1s a projection plan view for illustrating a state in
which the rotary blade 1 illustrated in FIG. 1 1s projected on
a plane perpendicular to the rotation axis 3. When the rotary
blade 1 1illustrated i FIG. 1 1s projected on a plane Sc
perpendicular to the rotation axis 3 (see FIG. 3), a shape of
a rotary blade 1" illustrated in FIG. 2 1s obtained. A point Pb'
illustrated 1 FIG. 2 indicates a center point (middle point)
of a chord on the outer periphery of the boss portion 2, the
chord regarded as extending from a blade leading-edge
portion 15' to a blade trailing-edge portion 1¢'. Further,
reference symbol “O” 1n FIG. 1 and FIG. 2 indicates the

center of the rotary blades.
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FIG. 3 1s a schematic view of a rotary blade 5 obtained by
rotationally projecting the rotary blade 1' illustrated in FIG.
2 on a perpendicular plane including the rotation axis 3 and
an OX axis. Therefore, reference symbols 1, 1', and 5
indicate the same rotary blade. As illustrated 1n FIG. 3, the
rotary blade 5 1s inclined to have an outer peripheral portion,
located away from the boss portion 2, of the rotary blade 5,
1s located more toward a direction corresponding to a
direction A of the flow of air than the boss 5. That 1s, the
rotary blade 5 1s inclined backward with respect to a
direction from an upstream side toward a downstream side
of the tflow of air.

FIG. 4 1s a schematic view of a related-art rotary blade 5a
inclined forward for comparison with the rotary blade 5 of
this embodiment. As illustrated in FIG. 4, the related-art
rotary blade S5a 1s inclined to have the outer peripheral
portion, located away from the boss portion 2 of the rotary
blade 5, 1s located more toward the direction 1nverse to the
direction A of the flow of air than the boss 5. That 1s, the
rotary blade 5a 1s inclined forward with respect to the
direction from the downstream side toward the upstream
side of the flow of air.

Next, description 1s given of the axial flow fan 1n which
the rotary blade 3 inclined backward according to this
embodiment, which 1s illustrated in FIG. 3, 1s accommo-
dated in a bellmouth 6. In the following, description 1s given
of an example of an axial flow fan 1 which a blade outer
peripheral portion of the rotary blade (1, 1', §) defined 1n the
above-mentioned manner 1s accommodated 1n the bellmouth
6.

In FIG. 5, the rotary blade 5 inclined backward 1s rotated,
thereby generating a flow of air in the direction indicated by
the arrow A. In this case, a flow of air B flows into an outer
peripheral-side leading end portion 13 of the rotary blade 35
along a bellmouth suction-side round portion 8. Note that,
the bellmouth suction-side round portion 8 corresponds to a
curved surface-like portion of the bellmouth 6, which 1is
formed on a suction side of the bellmouth 6 to expand 1n a
radial direction of the bellmouth. When the bellmouth
suction-side round portion 8 1s small or a flow velocity of the
flow of air B flowing into the outer peripheral-side leading
end portion 13 1s high, turbulence indicated by reference
symbol 14 1s generated 1n the flow of air B. Suction of this
turbulence 14 by the rotary blade S leads to deterioration of
air blowing and noise characteristics.

Further, when dimensions of an outer shell of a product
are reduced or a height of the product 1s reduced along with
downsizing of the product, the bellmouth suction-side round
portion 8, a bellmouth straight portion 7, or a bellmouth
discharge-side round portion 9 are downsized. Therelore,
the rotary blade 5 1s liable to suck the turbulence indicated
by reference symbol 14, thus leading to the deterioration of
the air blowing and noise characteristics.

Note that, the bellmouth discharge-side round portion 9
corresponds to a curved surface-like portion of the bell-
mouth 6, which 1s formed on a discharge side to expand in
the radial direction of the bellmouth, and the bellmouth
straight portion 7 corresponds to a smooth portion located
between the bellmouth suction-side round portion 8 and the
bellmouth discharge-side round portion 9 and connecting the
bellmouth suction-side round portion 8 and the bellmouth
discharge-side round portion 9 to each other.

In view of the above, as illustrated in FIG. 5, the outer
peripheral-side leading end portion 13 of the rotary blade 5
inclined backward i1s arranged so as to be located on the
downstream side with respect to the bellmouth suction-side
round portion 8. With this, even when the bellmouth suction-
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side round portion 8 1s small or the flow velocity of the flow
of air B tlowing into the outer peripheral-side leading end
portion 13 1s high, the turbulence indicated by reference
symbol 14 1s attenuated, and then the air 1s sucked by the
rotary blade 5, thereby being capable of reducing the dete-
rioration of the air blowing and noise characteristics.

Further, a motor 15 1s arranged on the downstream side of
the flow of air with respect to the rotary blades 5, and the
rotary blades 5 are each inclined backward to the down-
stream side. Therefore, 1n an axial direction of the motor 15
(flow direction of the flow of air), an end surface of the
motor 15 on the upstream side can be located on the
upstream side with respect to end surfaces of the rotary
blades § on the downstream side. With this, the rotary blades
5 and the motor 15 can be partially overlapped with each
other so that a product height L. can be reduced to thin the
axial flow fan.

FI1G. 6 1s a reference view of the related-art axial flow fan
including the rotary blades 5a inclined forward. In this case,
in order that the air 1s sucked by the rotary blades 5a after
the turbulence indicated by reference symbol 14 1s attenu-
ated, a thickness dimension 1n the axial direction of the
motor needs to be increased. That 1s, when the outer periph-
eral-side leading end portion 13 of the rotary blade 5a 1s
located on the downstream side with respect to the bell-
mouth suction-side round portion 8 similarly to the case
illustrated 1n FIG. 5, the motor 135 or auxiliary members such
as legs (not shown) for holding the motor 15 are shifted
toward the downstream side, and a product discharge-side
end surface 11 1s shifted toward the downstream side.
Therefore, as a result, a dimension corresponding to the
product height L (thickness dimension 1n the axial direction
of the motor) 1s 1increased to thicken the axial flow fan.

FIG. 7 1s a reference view for illustrating a related-art
axial flow fan 1 which the rotary blade 5q inclined forward
1s shifted from an optimal position toward the suction side
to reduce the product thickness. In order to reduce the
product height L without changing the rotary blade 34, there
are conceivable, for example, a method of downsizing a
bellmouth suction-side round portion 8', a method of reduc-
ing a bellmouth straight portion 7' in length as in this
example, and a method combining both the methods
described above. However, 1n all of the methods, the outer
peripheral-side leading end portion 13 of the rotary blade 5a
may reach or come closer to the turbulence 14 passing
through the bellmouth suction-side round portion 8'. As a
result, the deterioration of the air blowing and noise char-
acteristics 1s inevitable.

FIG. 8 1s an enlarged view for illustrating a positional
relationship between the outer peripheral portion of the
rotary blade 5 and the bellmouth suction-side round portion,
which are illustrated 1n FIG. 5.

FI1G. 9 1s a graph for showing a relationship between noise
and the positional relationship between the outer peripheral-
side leading end portion 13 of the rotary blade 5 and the
bellmouth suction-side round portion 8 under the state
illustrated 1n FIG. § and FIG. 8. FIG. 10 1s a graph for
showing a relationship between an air flow rate and the
positional relationship between the outer peripheral-side
leading end portion 13 of the rotary blade 5 and the
bellmouth suction-side round portion 8 under the state
illustrated 1n FIG. 5 and FIG. 8). Note that, the air tlow rate
1s measured at a point of static pressure=0.

Pieces of measured data in FIG. 9 and FIG. 10 are
obtained by calculating results of air blowing and noise
characteristics based on characteristics at a position of Z1=0
under a condition that the rotary blade 5 being inclined
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backward and having a diameter ¢ of 220 (mm) and a height
of the blade outer peripheral portion of about 50 (mm) 1s
used, a curvature radius of the bellmouth suction-side round
portion 8 1s 15.5 (mm), a length of the bellmouth straight
portion 7 1s 56 (mm), and a radius of the bellmouth dis-
charge-side round portion 1s 15.5 (mm). Note that, an
upstream side with respect to the position of Z1=0 1n FIG.
8 corresponds to a +71 side i FIG. 9 and FIG. 10, and a
downstream side with respect to the position of Z1=0 in FIG.
8 corresponds to a -71 side 1n FIG. 9 and FIG. 10.

In FIG. 9, a noise difference determined based on a noise
value at Z1=0 1s shown. It 1s understood from FIG. 9 that
noise 1s sigmificantly exacerbated as the rotary blade 5
approaches the upstream side with respect to the bellmouth
suction-side round portion 8. Further, 1t 1s shown that the
noise 1s minimized 1n the vicinity of Z1=—6 (mm), and when
the rotary blade 5 1s located on a downstream side with
respect to the position of Z1=-6 (mm), the noise 1s slightly
exacerbated, but the noise diference 1s approximately con-
stant.

In FIG. 10, a percentage of the air flow rate determined
based on a value of the air flow rate at Z1=0 1s shown. It 1s
understood from FIG. 10 that the air flow rate i1s slightly
reduced as the rotary blade 5 approaches the upstream side
with respect to the bellmouth suction-side round portion 8.
Further, 1t 1s understood that the value of the air flow rate 1s
maximized at approximately the same position as the posi-
tion at which the noise 1s minimized as shown i FIG. 9.
However, 1t 1s shown that the air flow rate 1s reduced when
the rotary blade 5 1s located on a downstream side with
respect to that position.

It 1s shown from FIG. 9 and FIG. 10 that the arrangement
in which the blade outer peripheral portion 1s located on the
downstream side with respect to the bellmouth suction-side
round portion 8, and 1s located at the bellmouth straight
portion 7, 1s optimal in terms of the air blowing and noise
characteristics.

Further, when further reduction 1n the product height L 1s
demanded, and the product height 1s represented by L' as
illustrated 1n FIG. 15, a bellmouth straight portion 7' reduced
in length as compared to the bellmouth straight portion 7 1s
set. It 1s verified that an effect of the deterioration of the air
blowing and noise characteristics can be reduced through
arrangement 1n which an outer peripheral-side trailing edge
portion 17 of the rotary blade protrudes toward the bell-
mouth discharge-side round portion 9 side with respect to
the bellmouth straight portion 7'.

FIG. 11 1s a view 1llustrating a locus of chord center points
Pr' in a range from the chord center point Pb' at the boss
portion 2 in FIG. 2 to a chord center point Pt' at the blade
outer peripheral portion. Specifically, FIG. 11 1s a view
illustrating a locus (chord center line) of chord center points
Pr, obtained as revolved projection of the chord center points
Pr' at an arbitrary radius R among the chord center points
Pb'-Pr'-Pt' on a perpendicular plane including the rotation
axis 3 and the OX axis at the radius R. The rotary blade 5
inclined backward 1s entirely inclined in the downstream
direction of the flow of airflow of air to be blown as
approaching to the outer peripheral portion of the rotary
blade 5. Thus, the chord center line Pr i1s also inclined
(inclined backward) in the tlow direction as approaching to
the blade outer peripheral side.

As 1llustrated in FIG. 11, the revolved projection of the
chord center line Pr (locus of the chord center points Pr) onto
the perpendicular plane including the rotation axis 3 and the
OX axis 15 expressed as such a line that extends from the
chord center point Pb at the boss portion 2 to the chor
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center point Pt at the outer peripheral-side leading end
portion 13, and 1s inclined backward with a predetermined
backward inclination angle 6z1 with respect to a plane Sc
perpendicular to the rotation axis 3.

Next, a second example of this embodiment 1s described
referring to FIG. 12. In FIG. 12, a rotary blade 35 having a
blade outer peripheral portion bent toward the upstream side
in the tlow direction 1s applied in place of the rotary blades
5 1n the state of FIG. 5.

FI1G. 13 1s a view for illustrating a chord center line of the
rotary blade 55 1llustrated in FIG. 12. A chord center line Prl
of the rotary blade 56 having the blade outer peripheral
portion bent toward the upstream side in the air flow
direction 1s located on the downstream side with respect to
the chord center line Pr having the constant backward
inclination angle in a region from the chord center point Pb
at the boss portion 2 to the chord center point Pt at the blade
outer peripheral portion.

Note that, the broken line connecting Pb and Pt as
illustrated 1n FIG. 13 corresponds to the locus of the chord
center points Pr of the rotary blade 5 having the constant
backward inclination angle 6z1 as illustrated in FIG. 11.

On the chord center line Pr and the chord center line Prl,
the chord center points Pb at the boss portion 2 and the chord
center points Pt at the blade outer peripheral portion are
located at the same positions, respectively, and a distance
from the OX axis to the chord center point Pt at the blade
outer peripheral portion 1s H.

FIG. 14 1s a view for illustrating a method of defining the
locus Prl of a chord center point Pr2 of the rotary blade 556
illustrated 1n FIG. 12. A chord center point at the arbitrary
radius R from the rotation axis 3 1s represented by Pr2, and
a distance from the OX axis perpendicular to the rotation
axis 3 to the chord center point Pr2 located on the chord
center line Prl is represented by Ls.

In the rotary blade 554, a first region 1n a range from the
boss portion 2 (radius Rb) to a bending point Pw at an
intermediate portion in the radial direction 1s inclined toward
the downstream side at a constant first backward inclination
angle 0zw, and a second region 1n a range from the bending
point Pw to the blade outer peripheral portion 1s inclined
toward the upstream side with respect to the first region.

When a radius of the bending point Pw on the chord
center line Prl 1s represented by Rw, and a second backward
inclination angle corresponding to an angle of inclination
toward the downstream side for a line Pr connecting the
chord center point Pt at the blade outer peripheral portion
and the chord center point Pb at the outer periphery of the
boss portion 2 1s represented by ozt, the first backward
inclination angle ozw 1s expressed by the following expres-
S1011.

dzw=tan '(Ls/(R-Rb))

(Rb<R=Rw)

An imnclhination angle ozd corresponding to the chord
center point Pr2 at the arbitrary radius R 1n the second region
in the range from the bending point Pw to the blade outer
peripheral portion (radius Rt) 1s set to be an n-th order
function (1=n) of the radius R as expressed below.

Ozd=CL{R-Rw)"+0zw

a=(0zt—0zw)/ (Ri-Rw)"

(Rw<R<Rt)

Note that, the chord center line Prl in the second region
may be inclined straight toward the upstream side at a
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constant forward inclination angle instead of setting the
above-mentioned inclination angle 6zd to be the n-th order
function (1=n) of the radius R.

In the rotary blade 56 defined in the above-mentioned
manner under the state 1n which the outer peripheral portion
of the rotary blade 5b 1s covered by the bellmouth 6, the
respective parameters of the rotary blade 556 of this example
are determined 1n the following manner, that is, 0zt—0zw=+
7.5 degrees, Rw=0.7Rt, and n=2. In this rotary blade 55,
reduction 1n noise by about -1 dB was verified experimen-
tally as compared to the rotary blade 5 inclined backward at
a constant angle.

INDUSTRIAL APPLICABILITY

As described above, the axial flow fan according to the
present invention can be built into a ventilation fan, an
outdoor unit of an air-conditioning apparatus, and other
devices. In particular, the axial flow fan according to the
present invention 1s suitable as an axial flow fan restricted in
s1ze of a device body and other factors.

REFERENCE SIGNS LIST

1 rotary blade 1' rotary blade projected on plane perpen-
dicular to rotation axis 15’ blade leading-edge portion 1c¢’
blade trailing-edge portion 14’ blade outer peripheral portion
2 boss portion 3 rotation axis 4 rotation direction 5, 3a, 5b
rotary blade 6 bellmouth A direction of flow of air Pb, Pb'
chord center point at boss portion Pt, Pt' chord center point
at blade outer peripheral portion Pr, Pr' locus of chord center
point (chord center line) Prl locus of chord center point
(chord center line) Pr2 chord center point Pw bending point
being starting point of change of constant inclination angle
Sc plane perpendicular to rotation axis through chord center
point at boss portion H distance from OX axis to chord
center point Pt at blade outer peripheral portion 6z1 back-
ward inclination angle of rotary blade 672 forward inclina-
tion angle of rotary blade 0zw constant backward inclination
angle of first region on mnner side with respect to bending
point Pw (first backward inclination angle) 6zt inclination
angle of line connecting chord center point Pb at boss
portion and chord center point Pt at blade outer peripheral
portion (second backward inclination angle) 6zd inclination
angle toward downstream side for line connecting chord
center point Pr2 at arbitrary radius R 1n second region on
outer side with respect to bending point Pw and chord center
poimnt PI at boss portion 7 bellmouth straight portion 7'
bellmouth straight portion reduced in length 8 bellmouth
suction-side round portion 9 bellmouth discharge-side round
portion 10 product suction-side end surface 11 product
discharge-side end surface 12 product outer shell portion 13
outer peripheral-side leading end portion of rotary blade B
flow of air flowing into outer peripheral-side leading end
portion along bellmouth 14 turbulence of flow of air B 15
motor Z1 distance between leading end portion of rotary
blade and bellmouth suction-side round portion H height of
outer peripheral portion of rotary blade L product height 17
outer peripheral-side trailing edge portion of rotary blade L
reduced product height

The mvention claimed 1is:

1. An axial tlow fan, comprising:

a boss portion rotationally driven by a motor;

a plurality of rotary blades each extending radially from
a periphery of the boss portion and being configured to
force air to flow 1n an airtlow direction being a direction
of a rotation axis of the motor; and
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a bellmouth accommodating the plurality of rotary blades,
the bellmouth comprising
a suction-side round portion being formed on a suction
side of the bellmouth and having a curved surface
expanded 1n a radial direction of the bellmouth and
a discharge-side round portion being formed on a
discharge side of the bellmouth and having a curved
surface expanded 1n the radial direction of the bell-
mouth,
the plurality of rotary blades each being inclined at a

. . 1
constant angle to have an outer peripheral portion of

cach of the plurality of rotary blades 1n a downstream

side 1n an airflow direction,
an entirety of the outer peripheral portion being located on
the downstream side in the air flow direction with
respect to the suction-side round portion, wherein a
leading edge of the outer peripheral portion 1s located
downstream of the suction-side round portion at a
distance of between 4-10 mm 1n the airflow direction.
2. The axial flow fan of claim 1, wherein the entire outer
peripheral portion of the each of the plurality of rotary

0
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blades 1s located on an upstream side of the flow of air to be
blown with respect to the discharge-side round portion.

3. The axial flow fan of claim 1, wherein the suction-side
round portion and the discharge-side round portion of the
bellmouth are formed to be connected to each other by a
straight portion having a smooth shape, and the straight
portion 1s parallel to a rotation shait of the motor.

4. The axial flow fan of claim 1, wherein the motor 1s
arranged on the downstream side in the air flow direction
with respect to the plurality of rotary blades.

5. The axial flow fan of claim 4, wherein the plurality of
rotary blades and the motor are partially overlapped with
each other 1n the direction of the rotation axis of the motor.

6. The axial flow fan of claam 1, wherein the outer
peripheral portion of the each of the plurality of rotary
blades 1s bent toward the suction side.

7. The axial flow fan of claim 1, wherein the entire rotary
blade and the motor are accommodated 1n the bellmouth.

G o e = x
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